Objective: To evaluate the sensitivity and specificity of Calretinin and Carcinoembryonic antigen as immunocytochemical markers in distinguishing mesothelial cells from metastatic adenocarcinoma cells in effusion cytology. Methods: This study included 50 patients who presented with effusions (26 pleural and 24 peritoneal), at Al-Kadhimya Teaching Hospital who were selected according to their preliminary diagnosis from 1st December 2010 to 30th June 2011. Effusion fluids were aspirated and processed for both conventional cytological methods using Papanicolaou-stain and immunocytochemical staining with anti Calretinin and Carcinoembryonic antigen. Results: The sensitivity of cytology for detection of malignant cells was 77%, with 100% specificity and 86% accuracy. Calretinin was observed to be a specific (100%) and sensitive (90%) marker for mesothelial cells (of benign etiology). Carcinoembryonic antigen exhibited 70% sensitivity and 100% specificity for adenocarcinoma cells. When the results of both cytology and immunocytochemistry were considered in conjunction, the sensitivity for the detection of malignancy increased to 97%, with 100% specificity and 98% accuracy. Conclusion: Calretinin and Carcinoembryonic antigen were found to be useful markers for differentiating reactive mesothelial cells from metastatic adenocarcinoma cells in smears prepared from body fluids. Also, the combination of both cytology and immunocytochemical studies using the two markers can greatly enhance the diagnostic accuracy, sensitivity and specificity in malignant effusions.
the diagnostic accuracy of cytology. Immunocytochemical analysis is the most commonly used special technique and often involves the use of a panel of antibodies. Evaluation of effusion cytology is one of the most challenging areas of diagnostic cytopathology. 1 Serous effusions are common clinical syndromes that can be divided into benign and malignant. Differentiation between the two kinds of effusions is very important for diagnosis, treatment and prognostic evaluations. 2 Although most cases of effusion cytology can be diagnosed on routine cytological preparations, it is often very difficult to make unequivocal interpretation in some cases. 3, 4 The most common difficulty encountered by cytopathologists worldwide is the inability to separate without dispute the exfoliated atypical benign mesothelial cells from metastatic cells of adenocarcinoma in effusion. 5 The reason being that benign mesothelium undergoes myriad architectural and cellular alterations in reaction to numerous stimuli; while on the other hand, welldifferentiated or borderline malignant cells can masquerade as benign cells. 6 Thus, definitive cytological diagnosis of serous effusions is sometimes unattainable on cytomorphologic grounds alone, and ancillary studies are needed in such instances; and over the last decade, it has become clear that of all the available methods, immunocytochemical stains are superior in the diagnostic workup of effusion cytology. 7 This study aims to evaluate the sensitivity and specificity of Calretinin (CAL) and Carcinoembryonic antigen (CEA) as immunocytochemical markers in distinguishing mesothelial cells from metastatic adenocarcinoma cells in pleural and peritoneal effusions with equivocal cytomorphological findings using routine Papanicolaou staining.
Methods
This study was conducted on all patients who presented with effusions (26 pleural and 24 peritoneal) at Al-Kadhimya Teaching Hospital during the study period (from 1st December 2010 to 30th June 2011). The patients were selected on the basis of their preliminary diagnosis from whom effusion fluids were aspirated. Pleural fluid was obtained by thoracentesis, 8 and peritoneal fluid by paracentesis. 9 The final diagnosis was confirmed depending on clinical history, imaging studies, cytological features and histopathological examinations (considered to be the gold standard). All clinical information pertaining to age, sex, present and past medical or surgical history were recorded and an absolute confidentiality of the patients' vital information was maintained for ethical purposes. Ethical approval was obtained from Al-Nahrain Medical college and Teaching Hospital, where the study was conducted.
Five milliliter of fluid samples was poured into a centrifuge tube, and centrifuged at (1500 rpm) for 10 minutes. The supernatant was discarded and the sediment, after tipping the bottom of the tube several times, was smeared on four slides, two of them were ordinary glass slides for conventional cytological examination using Papanicolaou-stain, and the other two slides were positive charged slides for immunocytochemical staining with CAL and CEA using Flex Monoclonal Mouse Anti-Human Calretinin (ready to use) For antigen retrieval, slides were placed in a plastic jar filled with 250 ml of target solution. The jar was then placed in a microwave oven together with two other jars containing distilled water as a triangle to balance the microwave' s power. They were heated for 10 minutes at 680 watt power, then for 15 minutes at 340 watt power, after which they were left to cool for 20 minutes at room temperature.
The application of primary antibody (CAL was ready to use, and CEA was diluted at a range of 1:25-1:50) was done for one hour at room temperature, then the humid chamber was placed overnight in the refrigerator. Positive control was performed using antigen rich specimen. Sections from apparently normal colon taken from autopsy in which ganglion cells were used as positive control for CAL, and sections from colorectal adenocarcinoma were used for CEA according to the manufacturer's instructions.
Technical negative control was performed by omitting the addition of primary monoclonal antibody and replacing it with buffer saline. As an evaluation of immune staining, a positive stain was indicated by a brown colored precipitate in the following manner: 1) cells labeled by CAL displayed cytoplasmic and nuclear staining; and 2) cells labeled by CEA displayed a cytoplasmic staining pattern. Immunocytochemical reactivity was evaluated by a semiquantative method as follows: a). Intensity of the staining: 0 = no staining, 1 = mild but unequivocal staining, 2 = definite staining of moderate intensity, 3 = strong staining; and b). The immune staining for CAL and CEA was considered positive when unequivocal staining was observed in at least 20% of cells. 5, 10 After routine cytological evaluation, the cases were categorized as reactive, suspicious and malignant. The diagnoses were confirmed by clinical and histopathological correlation and then selecting 20 benign and 30 metastatic adenocarcinoma effusions.
Data analysis was done using SPSS version 16 (statistical package for social sciences) and Microsoft office Excel 2007.
Continuous variables were presented as mean ± standard error of mean, while discrete variables were presented as number and percentage. Sensitivity, specificity, and overall accuracy measurements with positive and negative predictive values from cytology and immunocytochemistry were determined using the following equations: 
Results
Fifty patients who presented with effusions were enrolled into this prospective study. Twenty-six (52%) samples were pleural effusion fluids and 24 (48%) were ascitic fluids. The mean age of patients who presented with effusions was 56 ± 2 years, with a range of 24 to 75 years. The highest number of patients who presented with effusions was in the age group >60 years (53%). Of the 50 patients with effusions, 26 (52%) patients were females and 24 (48%) were males with a male to female ratio of 0.9:1. Effusions were described as hemorrhagic in 18 (36%) samples and non-hemorrhagic in 32 (64%) samples, with the most common cause of hemorrhagic effusions being malignancy which was present in 16 (89%) out of all the hemorrhagic fluids, and only two (11%) were reactive effusions due to pulmonary embolism and pneumonia ( Fig. 1) . Out of the 30 malignant effusions with metastatic adenocarcinomas, 16 (53%) cases were hemorrhagic and 14 (47%) were not (Fig. 2 ). In 23 (46%) cases with metastatic adenocarcinomas (MAC), adenocarcinoma cells were seen singly or as clusters with smooth contours. Acinar, papillary structures and proliferation spheres were also frequently seen. Nuclei were of variable sizes, with often-irregular contour, prominent nucleoli and high nucleus to cytoplasmic ratio (Fig. 6 ). In six (12%) cases, it was not possible to convey a definitive diagnosis based on morphology alone and they were considered as suspicious for malignancy. These cases showed a presence of atypical cells with mild to moderate pleomorphism. The final diagnosis was based on clinical history, imaging studies, cytological features and histopathological examinations, which revealed 20 (40%) cases as benign effusions and 30 (60%) cases as malignant effusions.
Of the 30 metastatic adenocarcinoma effusions, the diagnosis was confirmed by biopsy of the primary tumor in 28 cases, and by peritoneal biopsies in two cases. The 30 metastatic adenocarcinoma effusions were 16 pleural and 14 ascitic. Their primary sites are detailed in Table 1 . The benign effusions with reactive mesothelium were collected from eight (40%) cases of liver cirrhosis, five (25%) cases of congestive heart failure, four (20%) cases of pneumonia, two (10%) cases of nephrotic syndrome, and one (5%) case of pulmonary embolism.
In terms of sensitivity and specificity of cytological examination, suspicious cases were regarded as negative for malignancy for statistical purposes. When the cytological diagnoses were compared with the final clinicopathological diagnoses, there were seven false negative results and no false positive results. The encountered sensitivity of effusion cytology for detecting malignant cells was 77%, with 100% specificity, a positive predictive value of 100%, a negative predictive value of 74%, and an overall accuracy of 86%.
The false negative results were cases that had been diagnosed cytologically as reactive or suspicious; however, their final clinicopathological diagnoses were malignant with metastatic adenocarcinomas. Three suspicious effusions were the cause of the seven false negative cytology diagnoses which were finally diagnosed as malignant with metastasis from colonic and lung adenocarcinomas. Four reactive effusions also lead to false negative cytology diagnoses, but final diagnoses revealed them to be metastatic adenocarcinomas from breast, colon, lung, and stomach. The remaining three of the six suspicious cases were finally diagnosed as benign effusions, two cases from liver cirrhosis, and one case from pulmonary embolism.
All 50 effusion samples were subjected to immunocytochemical examination using two antibodies (anti-calretinin and anti-CEA). Immunocytochemical staining for calretinin was positive in 18/50 (36%) effusions. In all cases of benign effusions except two (18 out of 20 cases), reactive mesothelial cells had immunocytochemical positive staining with calretinin (CAL), in which they showed both cytoplasmic and nuclear staining. (Figs. 3 and 4) Calretinin positivity was not noted in adenocarcinoma cells in any of 30 malignant cases. Mesothelial cells (if present) in the background of metastatic adenocarcinomas were positive for calretinin and were considered as internal controls. The sensitivity of CAL for detecting mesothelial cells was 90%, with 100% specificity, a positive predictive value of 100%, a negative predictive value of 94%, and 96% accuracy. (Table 2) (Figs. 5 and 6 ). There were also nine false negative results. CEA immunocytochemical staining was absent in mesothelial cells, and none of the 20 benign effusions showed positive staining with CEA. The sensitivity of CEA for adenocarcinoma cells was 70%, with 100% specificity, a positive predictive value of 100%, a negative predictive value of 69%, and an accuracy of 82%. (Table 3) When both routine cytological examinations of effusion fluids were considered using Papanicolaou-stain and immunocytochemistry results in conjunction, an increase in sensitivity, specificity and accuracy of effusion diagnoses was observed. In addition, when a positive staining for CEA and a negative staining for CAL were considered as an indication of malignancy, the sensitivity of cytological and immunocytochemical results was shown to be 97%, with 100% specificity, a positive predictive value of 100%, a negative predictive value of 95%, and an overall accuracy of 98%. (Table 5 ) When a positive staining for CAL as an indication of a benign etiology was considered, the combination of cytology and ICC results for CAL revealed no false negative results and the sensitivity of cytological and immunocytochemical results, specificity, positive predictive value, negative predictive value, and the overall accuracy were approximately 100%.
Discussion
The present study was conducted on 50 samples from patients who presented with serous effusions from which 36% were hemorrhagic. This observation was similar to that of other authors. 11, 12 Malignancy was the most common cause of hemorrhagic effusions which represented 89%, this is comparable with the findings of Ozcakar et al. 12 Only 53% of malignant effusions were hemorrhagic in the current study, a finding which is in agreement with other reports. 13 In this study, the most common primary site of malignancy with effusion was the lung, this has also been the case in other studies. [14] [15] [16] [17] In the current work, the sensitivity of effusion cytology for the detection of malignant cells was 77%, there was no false positive result, hence specificity was 100%, and with an overall accuracy of 86%. These findings are similar to those reported in another Iraqi study, 18 as well as various other studies, [19] [20] [21] with 53% and 61% sensitivity being reported for the detection of malignant cells respectively, and 100% specificity in both cases. Many factors predispose to diagnostic pitfalls in effusion fluid cytology, for instance; inappropriate collection, storage, processing of effusion specimens, multiple facets of reactive mesothelial cells, and paucity of tumor cells, as well as tumors which may produce effusions by blockage of lymphatics or blood vessels, or by causing inflammation of the serous membranes without invasion and thus cause tumor cells not to be identified in such effusions. 1 The non-random selection of samples in the current study also increased both sensitivity and specificity of the tests. However, the limited number of cases was another factor that affected the results.
Immunocytochemistry provides a relatively simple, reliable and widely used technique to determine the origin of neoplastic tissue and investigate the behavior or progression of a given neoplasm. [22] [23] [24] The preparation of cytological specimens to be examined immunocytochemically was the same procedure as that of conventional cytology. After smearing of the slides, they were quickly placed in the fixative to decrease the air-drying artifacts.
The method that was advocated in this study was the fixation of the smear in 95% ethyl alcohol as were fixed by Sato et al. 25 for the concept of antigen retrieval. Heat-induced epitope retrieval technique was an additional important step for improving the quality of immunocytochemical staining of cytology smears in the current study. This method has also been advocated in many studies. [25] [26] [27] [28] A significant challenge associated with immunocytochemistry of effusions was finding and locating the cells of interest, since the same unique cells could not be present on more than one slide.
The present study has shown that staining for calretinin was positive in 18/50 (36%) effusion smears, these 18 were all cases of reactive effusions. Reactive effusions represented 20 out of the 50 studied cases. Adenocarcinoma cells did not show any reaction with calretinin in any of the 30 malignant cases. The sensitivity of CAL for detection of mesothelial cells was 90% with 100% specificity and 96% accuracy. Similar findings have been reported in other studies. 2, 5, 15, 16, 20, 26, 29, 30 The results of this study differ from those obtained by Lyons-Boudreaux et al. 4 where the sensitivity of calretinin in identifying mesothelial cells was 67%. The differences in results are probably due to different antibody clones and sources, different immunocytochemical staining techniques and dilutions, and perhaps a variation in the evaluation of immunostaining results.
The current work revealed positive staining for CEA in 21/50 (42%) effusion smears. Adenocarcinoma cells with metastatic adenocarcinoma showed positive immunocytochemical staining for CEA in 21 out of 30 cases. In all effusion smears, mesothelial cells revealed negative staining for CEA. Overall, CEA exhibited 70% sensitivity, specificity 100% and 82% accuracy for adenocarcinoma cells. These observations are in accordance with other findings reported in the literature. 10, 16, 30 However, findings from this study were in discordance with results obtained by Grefte et al. 20 who reported 58% sensitivity for the detection of adenocarcinoma cells with CEA. Several factors could be attributed to this discordance such as the type antibody clone used, small sample size (only 34 cases selected by Grefte et al.), 20 sample type (smears vs. cellblocks), procedural technique, and the range of tumor types used (high rate of positive CEA in gastrointestinal adenocarcinoma, while carcinoma of breast, lung, and ovary can express CEA in variable degrees). The adenocarcinoma of endometrium and prostate usually do not express CEA.
In the present study, CEA positive staining was demonstrated in high rates among effusions caused by metastatic adenocarcinomas of the colon 7/7 (100%), and 7/9 (78%) effusions caused by metastatic adenocarcinomas of lung. These finding are in agreement with other reports. 16 The combined use of cytology examination and immunocytochemistry results was evaluated in the current study, and immunocytochemistry was observed to be a complementary technique to conventional cytology. Thus by combining the results of both techniques produced an increase in sensitivity and accuracy of diagnoses, particularly in malignant effusions.
In terms of diagnosis of malignancy, the combination of cytology and positive staining for CEA as well as negative staining for CAL reached a diagnosis in 29 of 30 metastatic adenocarcinoma cases, with 97% sensitivity, 100% specificity and 98% accuracy. Thus, these study findings confirm and expand on the results of previous studies about the use of these antibodies in a panel approach for the detection of adenocarcinoma cells in serous effusions. 5, 30 In the concept of benign etiology of effusions, the combination of cytological analysis and positive staining for CAL was found to exhibit 100% sensitivity, specificity and accuracy in patients with benign or reactive effusions. This suggests that a cell expressing positivity for CAL excludes the possibility of it being a carcinoma cell. Thus results of current work, as well as those of others, have shown that calretinin may be a reliable and specific marker for mesothelial cells in cytological preparations. 2, 5, 15, 26, 30 
Conclusion
Immunocytochemistry is a practical method which substantially improves the diagnostic accuracy of conventional cytology and Calretinin is a reliable and effective marker for the identification of mesothelial cells in effusions with a high sensitivity and specificity. Calretinin and CEA were found to be useful markers in the differentiation of reactive mesothelial cells from metastatic adenocarcinoma cells in cytological smears prepared from effusion fluids. Hence, the combination of both routine cytological examination and immunocytochemical staining for calretinin and CEA can greatly enhance the diagnostic accuracy of malignant effusions, particularly in equivocal cases.
